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(57) Abstract: The present invention concerns devices apt to 
protect from corrosion metallic tanks (1) containing liquids to be 
heated, water heaters in particular. According to the invention, 
a non-consumable type electrode, for cathode protection in 
particular, consists of the armour (5.1), preferably in titanium 
or its alloys, of one or more armoured electric resistances (5). 
Pari of the surface of the said armour (5.1) can foe subjected to 
a treatment that prevents the supply of current. The advantages 
of the invention include the constructional simplification of the 
electrodes and the fact that no scale deposits are formed on the 
surfaces of the armours (5.1) used as electrodes. 
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MEANS FOR PROTECTING FROM CORROSION METALLIC TANKS 
CONTAINING LIQUIDS TO BE HEATED, WATER HEATERS IN PARTICULAR 

DESCRIPTION 

It is the object of the present invention to provide a device for protecting from corrosion the 
metallic tanks for heating water by means of electric resistances, specifically for protecting 
water heaters* 

The electric resistances generally used for heating water in electric water heaters are 
5 armoured, consisting of a metallic tubular element, the armour, which contains a spiral of a 
resistive electric filament; in general, it acts as a dielectric of the roll-pressed magnesium 
oxide in order to keep the spiral resistance in the middle of the tubular element forming the 
armour. Several metallic alloys fitted for undergoing the working processes required by the 
constructional technology, permanent sets in particular, are fit to act as armour as well as to 
10 endure the working temperatures; in the case of resistances plunged in water or in other liquid 
means, the metallic alloy must have the required resistance to corrosion. The armour of the 
electric resistances used in tank water heaters is in copper alloy or in stainless steel. 
A frequent problem in this type of electric resistances supplying a high thermal power (8.5 
W/cm 2 ), is the scale deposit that forms quite quickly on the surface, especially with hard 
15 water; the layer of scale heats the armour and the latter boils the water through contact, with 
ensuing noise and, in the long run, breakage of the resistance. 

In electric water heaters, as in similar equipment containing consumption water to be heated, 
another important problem consists of the corrosion to which the internal surface of the water 
tank is subjected if it is metallic. The corrosion process due to the contact between water and 
20 the metallic alloy increases with the water temperature. 

The phenomenon is also present in water heaters and in other metallic tanks with internal 
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surface protected by an electrically insulating layer in synthetic or vitreous material; actually, 
defects and porosity in such protective layers are inevitable; if there are no proper 
electrochemical means of protection, the piercing of the metallic wall is even quicker than in 
zinc-plated tanks, because the process is completely concentrated on the small areas in which 
5 the protective layer is flawed. 

To overcome or at least to clearly reduce the phenomenon of corrosion, apart from applying a 
deposit of protective material on the metallic tank, two methods of electric protection are 
mainly used: an anodic and a cathode method. 

The anodic protection occurs by bringing the metallic structure of the water heater to a 
10 potential value higher than an electrode, which acts as a cathode, up to a passivation value; in 
this case the structure to be protected acts as an anode. 

The drawback of the anodic protection system is the need to apply, by means of a proper 
device, a specific voltage value; if such a value is not duly observed the walls of the structure 
to be protected are not protected from passivation and the corrosion quickly produces its 
15 destructive effect. Therefore, considering the need to carefully control the voltage value, the 
anodic protection does not seem to be the most suitable one for sanitary water heater 
equipment at home while it can be used in big-sized tanks and structures, since it uses very 
little current. 

The cathode protection is carried out by making the potential of the metallic structure of the 
20 water heater lower than that of the aggressive means. In this kind of protection, the direct 
current circulates, through the tank water, from an anode to the walls of the tank of the water 
heater, which acts as a cathode. 

The element acting as an anode can be a metal or an alloy with an electrochemical potential 
considerably higher than that of the metallic structure to be protected; such anode is called 
25 sacrificial because it is subjected to a gradual wear when the water heater is working and must 
be regularly replaced. The drawback of this simple protection is that, if the replacement does 
not occur, the corrosion begins quickly* 

The current can also circulate by using an external generator, Le + an impressed current 
protection system. The clamp of the generator is electrically connected to the metallic mass to 
30 be protected while the other one is connected to the electrode, which is otherwise electrically 
insulated as to the metallic mass. 
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This kind of protection is getting more and more widespread to the detriment of the sacrificial 
anodes but all the solutions put forward until now present drawbacks that can be attributed 
mainly to high costs, to a persistent difficulty in ensuring a uniform distribution of the 
impressed current, and also to a certain arduousness of the electrode assembly operations. The 

5 electrode is manufactured in various materials electrically conductive and difficult to corrode, 
e.g. titanium bars or its alloys. The known physical or chemical means for protecting one part 
of the external surface of the said bars are used for the portion of the surface no to supply 
current and other physical or chemical means for facilitating the current supply from other 
areas of the same surface; the purpose of this is to determine at best, as well as with the shape 

10 and the position of the electrode, the areas of the metallic tank towards which the current 
must be supplied. 

Several types of electrodes manufactured for water heaters or similar elements are known; the 
most recent ones are examined below. 

The previous document EP 0 771 889 presents, as a support to an electrode, the tubular 
15 element forming the holding sheath of the thermostat sensors. The seal and electric insulation 
between electrode and tubular element is carried out by a special support. 
The Italian patent request n. AN 99A000G03 presents interesting characteristics of electric 
connection between electrode and water heater tank that occurs without the need of electric 
cables at least for the part passing between the electrode and the external surface of the said 
20 water heater. 

The said document considers also an electrode that cannot be corroded, full, tuned on and 
electrically connected to the end of the holding sheath of the thermostat sensors. The sheath is 
fixed to the flange by means of an insulating joint in order to prevent the electric contact 
between the electrode and the tank to be protected. Since the said tubular support is made of a 
25 metallic material that can be corroded, it must be protected efficiently for its whole length, as 
well as the point in which the electrode is inserted in the said sheath. 

The dual need to make this protection from corrosion determines the first operational 
drawback because flaws may occur in the protective covering of the said tubular support as 
well as in the area in which the electrode is inserted in the support. 
30 The second drawback is constructional, considering the technological steps necessary for the 
connection between the tubular support and the electrode as well as for obtaining the said 
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protective covering. 

The third drawback is due to the fact that, no matter the defects presented by the protective 
dielectric layer of the internal surface of the metallic tank, they leave exposed a metallic 
surface whose dimension is extremely reduced as to the one exposed by the thermostat sheath 
5 and by the armour of the electric resistance on which a good part of the current emitted by the 
anode is discharged; therefore, such current does not carry out protective functions; moreover, 
if the anode is sacrificial, it wears out more quickly than required. 

The object of the present invention, for a metallic container intended for heating a liquid that 
can cause the electrochemical corrosion of the said container, specifically for a tank water 
10 heater for heating water, since the said container is protected from corrosion by means of an 
impressed current anode, is to resolve the above-mentioned drawbacks. 

A further object of the present invention, for the aforementioned containers, is to prevent the 
calcareous scales to deposit on the armoured electric resistances. 

These and other purposes are achieved with a device protecting from corrosion with 
15 impressed currents where the electrode acting as an anode has, according to the invention, the 
special feasible form resulting from the following description* from the illustrations and from 
the annexed claims, which form an integral part of the description. 
In order to illustrate the invention, 

- figure 1 shows a cutaway view, and according to a possible version of the invention, a 
20 metallic tank, the boiler of a tank water heater in particular, provided with a closing flange 

where the thermostat sheath and an armoured electric resistance are mounted, as usual; 

- figure 2 shows an enlarged detail of figure 1 for pointing out the details of the 
electrode according to the invention. 

With reference to fig. 1 or 2, they show: a metallic tank 1 to be protected from corrosion, a 
25 closing flange 2, usually metallic, of the said tank 1 to which it is fixed by means of several 
bolts 3; the said flange 2 also acts as a support for the sheath 4 of a thermostat and for an 
armoured electric resistance 5 that stretch out inside the tank 1; the external metallic armour 
5 J and one of the terminals 53 of the armoured electric resistance 5 are indicated; the 
electric connector 5.2 is welded to one end of the terminal while from the other end branches 
30 off the resistive filament 5.4; the sheaths 4 as well as the armoured electric resistances 5 can 
be more than one. Then the figure displays a generator 6 of impressed currents for the cathode 
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protection, the first electric cable 7 that connects electrically the negative pole of the said 
generator 6 with the tank 1 by means of an electric connector 8, the second electric cable 9 
that connects the positive pole of the said generator 6 with the metallic armour 5 J by means 
of a general fixing element 10 as a clamp or another known proper electrical connecting 
5 device; it also displays a general fixing device 11 in dielectric material apt to connect 
hermetically the resistance 5 to the flange 2 while N indicates the end of the armoured electric 
resistance 5 that does not supply heat since the resistive filament 5.4 is not present. 
With reference to fig* 2, it indicates, apart from elements already defined 5 a feasible shape of 
the fixing device 11 obtained, in a removable way, with a bush of dielectric material 11.1, a 
10 retaining seal 1 L2 and a threaded ring 1 L3; however, the fixing device 1 1 can simply consist 
of a proper insulating mastic normally on sale. 

It is already obvious from the illustrations how, according to the invention, the electrode 
function for the supply of the impressed currents is carried out simply by the armour 5.1 of 
the resistance 5 which is assembled electrically insulated as to the tank while it is electrically 
15 connected to the positive pole of the generator 6. 

The armour must be made of a metal or a metallic alloy that is not subject to electrochemical 
corrosion at least for the values of potential difference and of current density required for the 
impressed current cathode protection. 

The best materials are titanium in a more or less pure degree or its special alloys that, actually, 
20 due to their high resistance to corrosion, are already widely used for making electrodes for 
impressed current devices; moreover, such materials have also mechanical characteristics 
suitable for the working processes required by the constructional technology of the armoured 
electric resistances. 

The metallic surfaces plunged in the tank that do not require a protection from corrosion, if 
25 and because they are made of stainless material, must be electrically insulated in order to 
prevent them from absorbing uselessly the current emitted by the anode causing also a so- 
called "shadow effect'* on part of the surfaces that must be protected. 

Since the resistance 5, whose armour 5*1 forms the electrode according to the invention, 
mainly extends very near the sheath 4 of the thermostat, actually the latter may absorb and 
30 neutralise the effect of a reasonable amount of the current supplied by the generator 6* In 
order to avoid this, the said sheath 4 must be mounted on the flange 2 by means of special 
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devices, not shown in the figures, which ensure the electric insulation from the remaining 
metallic parts or, more efficiently, it can be entirely covered by a thin layer of dielectric 
material to avoid undesired electric connections through the sensors contained in it. Similar 
insulated fixing or insulating treatment may have any other metallic element that cannot be 

5 corroded present in tank 1. 

The constructional simplification obtained according to the invention is manifest, and the 
ensuing greater reliability due to the fact that the electrode, as a separate element, has been 
eliminated since its function is carried out by another element, the armour .5.1, already present 
and necessary and that has not undergone any constructional change, except for the choice of 

10 the most suitable material for the dual capacity. 

Another advantage is the electric resistance 5, contrary to what occurs for electrodes with a 
known feasible shape and assembly systems, it does not absorb part of the current supplied by 
the electrode, depriving of it the metallic surface to be protected, being itself, on the contrary, 
the supplying electrode. 

15 However, the invention has also discovered, and this results in a more important advantage 
that cannot be achieved otherwise, that even in the presence of very hard water, applying a 
positive electric potential to the armour 5.1 as to the water contained in tank 1, prevents the 
calcareous scales to deposit on the armour 5.1 eliminating the ensuing drawbacks already 
discussed and by increasing greatly the life of the resistance. 

20 As already said, the chemical treatment of the surfaces of metallic manufactured items in 
order to reduce the emission of current from their surface towards an electrolyte in which they 
are plunged is known; this characteristic can be used for eliminating or reducing considerably 
the supply of current from some portions of the surface of the armour 5.1, For example, being 
the end N of the resistance 5 cold, it is not subjected to scales; moreover, from this area N, 

25 which generally is in a decentralised position as to the surface of the tank 1 to be protected, it 
is not necessary nor advisable to emit protection current that otherwise would not be evenly 
distributed on tank 1; therefore, the emission may be prevented with special surface 
treatments, chemical treatments in particular, aimed at insulating electrically the surface of the 
armour 5.1 at the area N so that the impressed current be supplied evenly on the surface of the 

30 tank 1, even if the electric resistance 5 is in a mainly decentralised position as to the tank 1 . 

In conclusion, the fact of assigning the armour 5.1, according to the invention, the function of 
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electrode of a cathode protection device performs the dual capacity of protecting the tank 1 
from corrosion and the resistance 5 from breakage due to overheating, even if such invention 
allows to balance sufficiently the supply areas of the impressed current. 
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CLAIMS 

1 . Device for protecting from corrosion metallic tanks (1) for heating liquids like those using 
the principle of protection through non-consumable electrode, specifically device for 
protecting water heaters from corrosion through impressed current cathode protection, 
5 characterised in that, 

the part used as an electrode is part of the external surface or armour (5.1) of one 
ore more electric armoured resistances (5) for heating the liquid contained in the 
tank(l), 

since the said armour (5.1), 
10 -is kept electrically insulated as to the other metallic parts of the said metallic 

tank (1), except for the electric connection to the current generator (6) 
- and is built in a metal or metallic alloy suitable for the production processes of 

the armoured electric resistances as well as resistant to the electrochemical 

corrosion. 

15 2. Device according to claim 1), characterised in that the said electrical insulation of the 
armour (5.1) is obtained by fixing the armoured electric resistance (5) to the supporting 
device or flange (2) by means of fixing devices (11) in dielectric material consisting of 
removable elements (1L1, 11.2, 11.3) or dope. 
3. Device, according to one or more of the previous claims, characterised in that the said 
20 armour (5,1) is made of titanium or a titanium-based metallic alloy. 

4* Device, according to one or more of the previous claims, characterised in that in one or 
more areas of the armour (5 J) the current supply is prevented. 

5. Device according to the previous claim characterised in that the said areas of prevention of 
the current are those (N) in which the armoured electric resistance (5) is without the 

25 resistive filament (5,4), 

6. Device, according to one or more of the previous claims, characterised in that the current 
supply in one or more areas of the armour (5.1) is prevented by means of appropriate and 
known chemical treatments of the said areas. 

7. Device, according to one or more of the previous claims, characterised in that the armour 
30 (5.1) is electrically connected to the tank to be protected (1) by means of an electric circuit 

consisting of a generator (6), electric cables (7, 9) and connecting elements (8, 10). 

8 
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8. Device, according to one or more of the previous claims, characterised in that, any 
metallic element that cannot be corroded present inside the tank (1) apart from the 
armours (5.1) acting as electrode, specifically the one or more thermostat sheaths (4) near 
the armoured electric resistances (5), is electrically insulated by the surrounding 
5 electrically conductive means and/or by the liquid contained in the tank (1) by fixing 

and/or covering with special dielectric materials. 
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